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TOWARDS THE “NEW PHYSICS”

® How new physics can show up:

= The “Einstein way" - High energy - E=mc?
SN criicedito throw dice

= [he "Heisenberg way' - High intensity - ApXax=h
SN Eccliolthrovw [ots of dice

® Something BSM found in the next decade

= An excess In a distribution does not make a new theory
» Unless Is a wrong calibration constant
= You need more than one measurement to understand what we have

« SM was not built on one measurement

* Muon is a good candidate for the “lots of dice” game
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MUONS

® I will concentrate on the muon

@ T e erments reguire stop muons

» Low energy (KE<50MeV) to medium R
energy (~3GeV) T |
"The other double trace of the same type (figure 5) shows closely

toggther the _thin trace of an electron of 37 MeV, and a much more strongly ionizing
positive particle whith a much larger bending radius. The nature of this particle is
unknown; for a proton it does not ionize enough and for a positive electron the ionization

% LO-tS Of them R Intensrty fro ntler is too strong. The present double trace is probably a segment from a "shower” of

particles as they have been observed by Blackett and Occhialini, i.e. the result of a
nuclear explosion”.

Kunze, P., Z. Phys. 83, (1933) 1

® Aside from lots of theoretical arguments, study of the

second generation of charged leptons

Who ordered (”*Qﬁ_

o Ultimately answer the question: ~  THAT?2 W
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PHYSICS TOPICS

PHYSICAL REWAL

® search for rare and forbidden processes

» ey, Ueece, UN—eN

MM

o [U] el
® precise determination of the muon properties
/

= mass, magnetic moment, magnetic anomaly, charge and

lifetime
® CPT tests - compare J* and Y~ properties

= free fall of the muons

® muon decay parameters (Michel)
® precise determination of nuclear properties in muonic atoms

® uCF
® applications in condensed matter, life sciences, etc.

® Equivalence principle tests with fundamental particles (u)
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Classical solutions for the Lorentz-violating and C PT-even term of the standard model extension

Rodolfo Casana,' Manoel M. Ferreira Jr,' and Carlos E. H. Santos®
'Departamento de Fisica, Universidade Federal do Maranhdo (UFMA), Campus Universitdrio do Bacanga,
Sdo Luis-MA, 65085-580, Brasil
“Departamento de Fisica, Universidade Federal da Paraiba (UFPB), Caixa Postal 5008, Jodo Pessoa-PB, 58051-970, Brasil
(Received 15 October 2008; published 13 November 2008)
In this work, we calculate the classical solutions for the electrodynamics stemming from the Lorentz-
violating (LV) and CPT-even term of the standard model extension. Static and stationary solutions for
— k.
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EXPERIMENTS

Weak Interactions

Type of Physics Issues Possible previously established present activities
Experiment Experiments accuracy (proposed accuracy)
” Classical” Lepton Number Violation; p~N—=>e™ N Sl AL PSI, proposed FNAL (6-10 _17)
Rare & Searches for New Physics: p—ey R 0f running PSI (1-10 IEAs )
Forbidden SUSY, L-R Symmetry, B — eee L0 = completed 1985 PSI
Decays R-parity violation,..... e =T SISt completed 1999 PSI
Muon (GG r; Searches for New Physics; T3 18-107° PSI (2x), RAL (1-107°%)
Decays Michel Parameters non(V — A) typ. few 1072 PSI;  ERIUNIE (G810
Standard Model Tests;
Muon New Physics; CPT Tests gu — 2 0.7-107° proposed FNAL (1.4-107")
Moments T- resp. CP-Violation edm,, 3.4-10"%ecm proposed BNL (107**e cm)
in 2nd lepton generation
Muonium Fundamental Constants, p,,m,,«; Mprs 7o 107 completed 1999 LAMPF
Spectroscopy Weak Interactions; Muon Charge Micos LT completed 2000 RAL
Muonic Atoms Nuclear Charge Radii; p-atoms depends PSI, possible CERN

(< rp >to 107°)

Condensed

Matter

surfaces, catalysis

bio sciences ...

surface uSR

n/a

PSI, RAL (n/a)
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MUON TO E CONVERSION

® Charged lepton flavor changing currents

= U+(AZ)e+(AZ)

mm all e from target

= Strongly suppressed in SM

Bl COSMIX Suppres:

= New physics can contribute

L 1L LLE

@ Everything else oscillates!

10

® Current best SINDRUMII:

< . LL—e conversio
B.R.=4x10™"

_lllll| | lIIIlIII I IIIIIIII

IIIIIIIIIlIlIlI

= R<4.3x10-12(Ti) R<7x10"3(Au)

85 90 95 100 105 110 115

LA | total e energy in (MeV
= Background limited (?) gy in (MeV)

® mu2e Phase I goal of R<6X10'17(A1)
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MU2E

® Experimental principle

= Pylsed beam start measurement after initial burst

Electromagnetic
Calorimeter

Detector Solenoid

Transport Solenoid

Tracker Stopping
Target

Production Solenoid
Collimators

Proton

Beam
Production

Target

® mu2e Phase II

= depends on what Phase | finds
* positive - check with more stats and different target

* negative - push to two more order of magnitude
2.5

® [Issues to be investigated:

13)

= coxtinction

15 F

= backgrounds

Byun—s MZ) | Bun—sen(Z

® Other efforts: PRIME at PRISM

05 F

= |00 pion survival rate

= 3% momentum spread - reduce DIO

10 20 30 40 50 60 70 80 90 100
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g—z SM 8SM
® compare with theoretical calculations r‘ ,‘ ,‘ ,‘

= any deviation - new physics through loops

® precision measurement of a, constrains tanf3 and

determine sign(u)
® BNL '04 0.54ppm

= theory 0.42 ppm

—

0" Muon Anomaly: Experiment and Theory

= Aau(exp.-theory) = (255+80)x 10! (3.20) 50

BNL E821 I

® current proposal down to 0.14ppm

Theory - Experiment

-100
-150
-200

-250—2009 e+e- Averaged ¢

-300

IIIIIIIIIIII|llllllllllllllllllllllllllll

Ripp Bowman

Vadim Rusu - Muon Physics with Project X

Monday, November 9, 2009



g-2

® Experimental principle:

= 5.1 GeV “magic momentum”

® repeat the experiment with p

= TT- xsection reduced by a factor of 3 (@ 8GeV proton beam)

® narrow select w* beam - reduced exp. uncert.

muonium
® other techniques based on muonium source — ,'té”'"a siow muen
. . ] muon beam
= |aser ionize muonium " Ap/p<|0- 4MeV "
= |ow energy pulsed muon beam required e R ser gt
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MUON EDM

® Violates both P and T symmetries

e s @GP helds -= CP violation

= Help understand the baryon asymmetry of the Universe

® EDM explores the CP violating phases of the lepton
mixing matrix (CKM, MNS, XYZ) )

® Usually done with neutral probes (neutrons and atoms)

® Searches with charged particles possible with storage rings

utilizing the relativistic vxB electric field

eEDM probed to 10-*’e-cm for electrons

Vadim Rusu - Muon Physics with Project X
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MUON EDM

® Experimental principle:

Proposal at JPARC

Aoki et al [2003]

= | ongitudinally polarized muons in storage rings - g-2 precession

= The (g-2) precession can be cancelled by applying a radial electric field to freeze the spin
* Lower momentum than for g-2

= An EDM would cause a precession around the strong vxB electric field

» Up-down asymmetry growing with time

—\7 Upper Detector
=

=
Lower Detector

2
Time [arb.]
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M-MBAR OSCILLATION

put : oot e— W
® M=u'e AT We 0 W,
e : et e ® @ et
@ ® v
ut : et pt . T
= AL=2 process oy x++
e~ p- e et
® Analogous in lepton sector to the K,-K,
and B,-B, oscillations
® MACS experiment at PSI
N 4 61+ \ \
26 MeV/c Y™ at 8x10°p/s Michele  52.8MeV atomic e
N4 i N
| A f <E>=13.5¢eV
R0 M in 6 mo. 4 \
-//
= GM-Mbar < 3.0x103 Gr (90%CL) Energy [MeV] Energy [V]
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M-MBAR OSCILLATIONS

® Experimental principle refurbished SINDRUM | spectrometer positron detector
= Muonium formation in silicate powder (€=60%) M multi channel plate
X : . Csl
= 5% thermally emerge into surrounding vacuum
B magnet coils beam counter l — [l foil collimator
= (Conversion signature W hodoscope — target m
| uMWPCs —
> Michel electron from J-—e VvV i
ERiemice i35 MeV)
= Backgrounds - u* decays
+ Bhabha scattering of e*
positron transport system
* UF—refefevv < 1m -
05 ¢
3 At Gy
045 e * x10° for ¥ - 1.8.107

i 4% & P(M)=sin? [const x (Gan/Gr)xt]xexp[-Axt]

0.35 | BaCkgI‘OUDdZGXp<-H }\.><t> . n-fold coincidence detection

decays [1/us]
o
S
|

= d For Gym << G M gains over Background
o P(M)/Background = t* x exp[+(n-1)xAxt]
et B Pulsed beam
0 0 . ;'-1‘, Ly .':21 " ';3. : 4 L 5 6 & 7 = 178 . - 3
time [us]
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MUONIUM PHYSICS

® M=p‘e” both particles structureless Hughes et al hep-ex0106103
W o) 53 leidl) |7 vs#dereo Time

~ 100

- T 75
object e

23

+

® muonium Spectroscopy —25
~50
~75

® calculation at higher order than for 1 8(5)

v,(1) = <uy> + 8vy, sin(2mt+ o))
Svi,=—-4+/— 13 Hz

0,1 0.2 0.3 0.4 0.5 10 cETEGR 0N N
Time (Sidereal Days)

O H‘HH‘\H\‘HH‘HH‘\H\”HH‘HH‘HH‘HH

hydrogen 1sotopes

~ 100 ¢ ; ;
. S V3,— 20005762965 Hz|vs. Sidereal Time
= AVHrs as a precise measurement of & e gg B +
25 b e km i e R U + ___
e i ests with V2 V34 s 22 -
[ J [ J [ J o —SO ; +
® All these limited by statistics... _ng E L(t) = <> + Buy, sin(2nt+ey)
—/‘ 25 ; Ll 61/34 ﬁ —/‘34—/_ /15 HZ ‘ ] ‘ [ ‘ L ‘ I I |
0 0.1 0.2 0.3 0.4 0.5:0. 6807 C5EeN .
Time (Sidereal Days)
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CRAZY UNCLE IN THE TREE

rmal motion

@ LL'|L" atom

=substantially higher weak effects than in other system

=how to make It (low xsection)

CU(Te)-> (M) e
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.. AND THE REST

Nou"t’:i;m & Tritium macheus (1)

- Q Muce OO Deuterium nucleus (d)
& 0 \
f t \

® muon catalyzed fusion

® muonic atoms

® radioactive muonic atoms

® muon spin rotation and muon spin resonance

Vadim Rusu - Muon Physics with Project X
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CONCLUSIONS

a Next(++) generation of muon experiments require a large

statistics muon sample

® There 1s a plethora of physics topics that can be addressed

using low energy and stopped muons

® Project X can be the place to do the next large set of muon

experiments and continue a long tradition in muon physics

® We still don’t know who ordered that
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